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(57) ABSTRACT 

A method of manufacturing LED devices using Substrate 
scale processing includes providing a Substrate member hav 
ing a surface region. A reflective layer is disposed on the 
surface region, the reflective surface having a reflectivity of at 
least 85%. An array of conductive regions is spatially dis 
posed on the reflective surface. LED devices are affixed to 
each of the array regions. 
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WHTE LIGHT APPARATUS AND METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority to U.S. Provisional 
Patent Application No. 61/301,193, filed Feb. 3, 2011, com 
monly assigned and incorporated by reference hereby for all 
purposes. 

BACKGROUND OF THE INVENTION 

0002 This invention relates to lighting techniques. 
Embodiments of the invention include techniques for pack 
aging an array of LED devices fabricated from bulk gallium 
and nitrogen containing materials with use of phosphors, or 
fabricated on other materials. The invention can be applied to 
white lighting, multi-colored lighting, general illumination, 
decorative lighting, automotive and aircraft lamps, Street 
lights, lighting for plant growth, indicator lights, lighting for 
flat panel displays, and other optoelectronic devices. 
0003. In the late 1800's, Thomas Edison invented the light 
bulb. The conventional light bulb uses a tungsten filament 
enclosed in a glass bulb sealed in a base, which is screwed into 
a socket. The Socket is coupled to a power Source. Unfortu 
nately, the conventional light bulb dissipates more than 90% 
of the energy used as thermal energy. Additionally, the con 
ventional lightbulb eventually fails due to evaporation of the 
tungsten filament. 
0004 Fluorescent lighting uses a tube structure filled with 
a noble gas and usually mercury. A pair of electrodes is 
coupled to an alternating power source through a ballast. 
When the mercury has been excited, it discharges emitting 
UV light. Phosphors, excited by the UV light, emit white 
light. Solid State lighting relies upon semiconductor materials 
to produce light emitting diodes (LEDs). Red LEDs use Alu 
minum Indium Gallium Phosphide or AlInGaP semiconduc 
tor materials. Shuji Nakamura pioneered the use of InCaN 
materials to produce LEDs emitting blue light LEDs. Blue 
LEDs led to innovations such as Solid State white lighting, and 
other developments. Blue, violet, or ultraviolet-emitting 
devices based on InGaN are used in conjunction with phos 
phors to provide white LEDs. 

BRIEF SUMMARY OF THE INVENTION 

0005. This invention provides a method of manufacturing 
LED devices using Substrate scale processing. The method 
includes providing a substrate having a Surface and forming a 
reflective surface having a reflectivity of at least 85%. The 
method further includes forming a plurality of array regions 
spatially disposed on the reflective surface on which LED 
devices are formed. If desired, an electrical isolation layer is 
formed over the reflective layer, and a cover can be added over 
the LEDs. 0005 
0006. In another embodiment, the invention provides a 
method for manufacturing a plurality of light chips, each 
having a plurality of LEDs. A silicon material has a polished 
surface region. A reflective material is formed over the sur 
face region, and then electrical isolation material is formed 
over the reflective material. A plurality of array regions, each 
of the array regions having conductive contacts, are formed, 
and LEDs are placed on the conductive contacts. Encapsulat 
ing material then is added to surround the LEDs. 
0007. In another specific embodiment, an LED module 
includes a lead frame member and a Substrate having a Sur 
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face region, the Substrate being coupled to the lead frame 
member. The substrate member includes a reflective layer 
having a first reflectivity level over the surface region. Addi 
tionally, the apparatus includes an electrical isolation layer 
over the reflective layer. The apparatus also includes array 
regions disposed on the isolation layer, the array regions 
being electrically coupled to one another. LEDs are posi 
tioned on the array regions. The array of LED device can be 
configured for a current density of at least 50 amps per square 
centimeter. 
0008. In another embodiment, the module includes wave 
length regions having wavelength conversion materials con 
figured for each of a first, second and third wavelength range, 
each configured to output a determined wavelength emission 
spectrum of electromagnetic radiation. 
0009. In another embodiment, an LED module includes a 
substrate with a surface region. A reflective surface overlies 
the Surface region. Conductive patterns are formed on the 
reflective material, and LEDs are attached to the conductive 
patterns. A luminescent material, excited by the LED wave 
length, provides a first color light. A cover member over 
LEDs is Substantially transparent, and a second color. The 
combination of the first and second color produces a third 
color of light. 
0010. The present device and method provides for an 
improved lighting technique with improved efficiency. The 
method and resulting structure are easier to implement using 
conventional process technology. In a specific embodiment, a 
blue LED device emits electromagnetic radiation at a wave 
length from about 440 nanometers to about 495 nanometers, 
agreen LED emits electromagnetic radiation at a wavelength 
range from about 495 nanometers to about 590 nanometers, 
and a red LED emits electromagnetic radiation at a wave 
length range from about 590 nanometers to about 660 nanom 
eters. In a preferred embodiment, the present method and 
apparatus uses LED devices configured for violet (380 to 440 
nm) electromagnetic radiation, as well as combinations. 
Depending on the application, more than more than three 
colors may be used to produce light of a desired color and 
quality. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1A is a diagram illustrating a light emitting 
diode; 
0012 FIG. 1B is diagram illustrating a plan view of an 
LED apparatus; 
0013 FIG. 1C is a diagram illustrating an alternative light 
emitting diode apparatus; 
0014 FIG. 1D is diagram illustrating a plan view of an 
LED apparatus; 
0015 FIG. 1E is a diagram illustrating an alternative light 
emitting diode apparatus; 
0016 FIG. 2 is a diagram illustrating a process for manu 
facturing an LED package with LED devices arranged in 
array; 
0017 FIG. 3 is a diagram illustrating a process for manu 
facturing an LED package with LED devices arranged in 
array; 

0.018 
0019 
package; 
0020 
package; 

FIG. 4 is diagram illustrating an LED package; 
FIG. 5 is diagram illustrating a 3-D view of an LED 

FIG. 6 is a diagram illustrating mounting of LED 
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0021 FIG. 7 is a diagram illustrating alternative mounting 
of LED package; 
0022 FIG. 7A is a diagram illustrating an alternative 
mounting of circular LED package; 
0023 FIG. 8 is a diagram illustrating an AC powered LED 

light; 
0024 FIG. 8A is a diagram of an exploded view of an AC 
powered LED light; 
0025 FIG. 8B is a diagram illustrating an LED light sys 
tem; 
0026 FIG.9 is a diagram illustrating assembling of an AC 
powered LED light; 
0027 FIG. 10 is a diagram illustrating heat dissipation of 
LED packages; 
0028 FIG. 11 is a diagram illustrating heat dissipation of 
an LED package attached to a heat sink; 
0029 FIG. 12 is a circuit diagram illustrating an LED 
array; 
0030 FIG. 12A is a diagram illustrating operation of an 
LED array: 
0031 FIG. 13 is a diagram illustrating performance of 
LED apparatus; 
0032 FIG. 14 is a circuit diagram illustrating an LED 
array with resistortuning; 
0033 FIG. 15 is a circuit diagram illustrating an LED 
array with AC resistor; 
0034 FIG. 15A is a circuit diagram illustrating an LED 
array using 220V AC power source: 
0035 FIG. 15B is a circuit diagram illustrating an LED 
array configured to using a 24V DC power source; 
0036 FIG. 16 is a diagram illustrating color tuning for 
LED devices; 
0037 FIG. 17 is a diagram illustrating color tuning using 
color filter for LED devices: 
0038 FIG. 18 is a diagram illustrating color tuning using 
a luminescent plate for LED devices: 
0039 FIG. 19 is a diagram illustrating color tuning using 
absorbing and/or reflective material for LED devices; and 
0040 FIG. 20 is a diagram illustrating color tuning using 
LED devices with different colors. 

DETAILED DESCRIPTION OF THE INVENTION 

0041. Herein “LED device' refers to a light emitting diode 
and “LED package” refers to packaged LED device with 
optional associated electrical components such as resistors, 
diodes, and capacitors. Conventional LED devices suffer 
from multiple disadvantages. For example, to achieve high 
light output, LED devices are often bundled together. This 
arrangement is costly and results in a large structure. 
0042. To favorably compete in the lighting market, it is 
desirable to lower the cost of generating light from LEDs. 
This can be achieved by increasing the output—lumens per 
unit area—requiring that device operating current densities 
increase. Typical operating current densities for commer 
cially available LEDs are <100A/cm. Laser diodes based on 
GaN demonstrate operating current densities of 5-10kA/cm, 
an increase of up to 100x. Thus, there is a capability for 
increased operating current density for LEDs, thereby reduc 
ing the cost of light generation and increasing penetration of 
LED-based solutions into the general lighting market. 
Today's commercially available LEDs, however, are manu 
factured on Substrates such as Sapphire, SiC., or silicon. This 
results in a high density of dislocations which are known to 
reduce the lifetimes of GaN-based optoelectronic devices at 
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high current densities. This effect is particular pronounced in 
laser diodes. Furthermore, typical InGaN-based LEDs 
exhibit a reduction in efficiency with increasing current den 
sity (“current droop'). Improvements against current droop 
have been demonstrated in InGaN-based LEDs fabricated 
from bulk GaN substrates. Also, the low dislocation densities 
(<-1E7 cm-2) offered by bulk GaN substrates could offer 
reliable operation at high current densities. What is needed is 
an LED device which can leverage the advantages of bulk 
GaN, while providing the necessary operating characteristics 
useful for lighting, i.e., high lumen density, good thermal 
management, high conversion efficiency to white light, high 
reliability, and a flexible power interface. 
0043 FIG. 1A is a diagram of a light emitting diode appa 
ratus. LED package 100 includes a substrate 101, a reflective 
layer 102, an isolation layer 103 that is electrically isolating, 
conductive patterns 104A and 104B, and LED 105. The sub 
strate 101 is silicon material having a substantially flat surface 
region, preferably achieved by a polishing process. The Sub 
strate 101 can also be silicon, metal, ceramic, glass, or a single 
crystal wafer. The reflective layer 102 causes the light emitted 
by the LED 105 and any luminescent material to be reflected 
by, as opposed to being absorbed by, the substrate 101. The 
reflective layer 102 has reflectivity of at least 80%, and typi 
cally reflectivity greater than 92%. 
0044) The reflective layer 102 may be made from various 
materials, for example, silver or aluminum. In one embodi 
ment, a dielectric coating is added to the silver or aluminum 
layer to enhance reflectivity. The reflector 102 typically has 
average reflectivity greater than 90%. 95%, 98%, and some 
times greater than 99%, at wavelengths between about 390 
nanometers and about 800 nanometers. In one embodiment, 
the reflective layer comprises multiple layers of metal mate 
rials and dielectric layers. 
0045 An electrical and optically transparent isolation 
layer 103 is provided between the reflective layer 102 and the 
conductive patterns 104A and 104B. The isolation layer 103 
consists of dielectric material that provides electrical insula 
tion between the reflective layer 102 and the conductive pat 
terns 104. The dielectric coating sometimes enhances the 
reflectivity of the metal layer, yet provides the electrical insu 
lation function. 

0046. The isolation layer 103 is usually dielectric mate 
rial. In various embodiments, SiO, AIN. Al-O, and/or SiN 
or combinations thereof may be used. In one embodiment, the 
isolation layer is greater than 1 micron in thickness and pro 
vides greater than 1 kilovolt of electrical isolation between 
the reflector and the 102 and the conductive pattern 104. Used 
for electrical insulation, the isolation layer preferably has a 
thermal conductivity of at least 1 W(m-K). 
0047 Conductive patterns 104A and 104B, usually silver 
or aluminum, are on top of the isolation layer 103. In the FIG. 
1 side view, only two conductive patterns are shown, but the 
LED package may have a large number of conductive patterns 
arranged in an array, e.g. an M by Narray of conductive 
patterns as shown in FIG. 4. Each of the conductive patterns 
is used to power an LED device, and can include additional 
circuitry for that purpose. During the manufacturing process, 
the conductive patterns are electrically isolated from each 
other when first formed on the isolation later, then later con 
nected to one another (e.g., by wire bonding) in a desired 
configuration. The wire bonding process may be performed 
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before or after deposition of phosphor material. The conduc 
tive patters are preferably reflective, for example having 
reflectivity of at least 80%. 
0048. The LED devices provided on the conductive pat 
terns can be arranged in a configuration with particular LEDs 
of specific wavelength disposed in a desired pattern. In the 
figure, LED 105 is connected to the conductive pattern 104A, 
which includes a circuit for providing power to LED 105. The 
LED package 100, depending on the application, may include 
other components. Usually, the LED devices and the wire 
bonds and other circuits are encapsulated, for example, in 
silicone, sometimes with phosphors. The apparatus 100 also 
can include a cover member on top of the LEDs to protect 
them and/or to adjust the color of light emitted from the LED 
package. 
0049. The LED package may be powered in various ways, 
for example, by including a DC or an AC power interface. The 
LED package can include an active driver circuit or a full 
wave rectifier circuit to power the LEDs. The LED devices 
can be connected in series configuration or series-parallel 
configuration to achieve a forward Voltage to match the power 
supply. LED package 100, constructed with an array of LED 
devices, can be flexibly implemented. The amount of light 
output from the LED package can be adjusted by change the 
number of LED devices or by reducing the dimensions of the 
LED chips. 
0050 FIG. 1B is diagram illustrating a plan view of an 
LED apparatus. As shown, LED devices are provided on 
conductive pads. To power an LED device, the top portion of 
an LED device is connected to one electrical junction, and the 
bottom portion of the LED device is connected to another 
electrical junction through the conductive pad directly below. 
0051 FIG. 1C is a diagram illustrating an alternative light 
emitting diode apparatus according to an embodiment of the 
invention. As shown an LED package 150 includes a substrate 
151, a optional reflective layer 154, an isolation layer 152, 
conductive patterns 153A and 153B, and LED 155. The sub 
strate 151 is a planar substrate having a substantially flat 
Surface region. The planar Surface can be obtained by polish 
ing, and preferably consists essentially of silicon, but may be 
metal, ceramic, glass, a crystalline wafer, or the like. An 
optional electrically dielectric isolation layer(s) 152 is pro 
vided over the substrate 155. The isolation layer 152 provides 
electrical insulation between the substrate 151 and the con 
ductive patterns 153. The isolation layer may be formed of 
materials and in the manner described with regard to FIG.1.A. 
0052 FIG. 1C differs from FIG. 1A in having a reflective 
layer 154 on top of the conductive pattern 153B and isolation 
layer 152. Reflective layer 154 reflects light emitted by the 
LED 105 and/or the luminescent material. Preferably, reflec 
tive layer 154 has a high degree of reflectivity of at least 80%, 
but in one embodiment, the average reflectivity of the reflec 
tive layer is greater than 97%. 
0053. The reflective layer 154 may be made from various 
types of materials such as silver or aluminum. A dielectric 
coating can be added to the silver or aluminum layer to further 
enhance reflectivity. Such a reflector 154 can have a average 
reflectivity greater than 90%. 95%, 98%, or even greater than 
99%, at wavelengths between about 390 nanometers and 
about 800 nanometers. In one embodiment, the reflective 
layer comprises multiple layers, including a metal reflective 
layer and a dielectric layer. As described above, the LED 
package 150 may include other components such as wire 
bonds, encapsulating material, and a cover, and can be pow 
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ered appropriately. Beneath the metal reflector is a electrical 
isolation layer not shown in FIG. 1C that electrically isolates 
the metal reflector layer from the circuit layer. In another 
embodiment, the reflective alyer 154 is not metal but a high 
reflective diffuse reflector such as anatases of rutile TiO2 
particles. 
0054 FIG. 1D is diagram illustrating a plan view of an 
LED apparatus illustrating the wire bonds. To power an LED 
device, the top portion of an LED device is connected to one 
electrical junction, and the bottom portion of the LED device 
is connected to another electrical junction through the con 
ductive pad below. 
0055 FIG. 1E is a diagram illustrating an alternative light 
emitting diode apparatus according to another embodiment of 
the present invention. The structure depicted is similar to 
those described above. In FIG. 1E, however, the substrate 
material may be conductive or semi-insulating. If substrate 
material is conductive (e.g., resistivity of less than 100 ohms 
cm), an isolation layer is provided between the conductive 
patterns and the substrate material. On the other the hand, if 
the Substrate material is semi-insulating (e.g., resistivity of at 
least 100 ohms-cm), the isolation layer is optional, and the 
conductive patterns may be provided directly on the substrate 
material if the substrate material. The conductive patterns are 
electrically isolated from each other by an isolation gap, 
which can be an air gap or filled with insulating material. 
0056 FIG. 2 is a diagram illustrating a process for manu 
facturing an LED package with LED devices arranged in 
array. A silicon wafer substrate 201 is used as substrate mate 
rial for manufacturing the LED package. Here an 8" wafer is 
selected for its relatively low costs (about S65 per wafer in 
early 2010). Wafers in other sizes may be used both for 
efficiency and economy. 
0057 The silicon substrate 201 is polished and has a plain 
surface. The silicon substrate 201 has high thermal conduc 
tivity, for example, a bulk thermal conductivity greater than 
50 W/(m-k) After the silicon substrate 201 is processed, a 
reflective surface is formed on its surface. In FIG. 2, the 
substrate 202 includes a silicon substrate 201 with a reflective 
layer, e.g. silver, aluminum or other coating, on top of the 
substrate. 
0.058 An optically transparent electrical isolation layer 
103, usually about 0.5 microns thick is formed over the reflec 
tive layer. This layer was described above with regard to FIG. 
1. A layer of conductive patterns are formed on substrate 203. 
As shown on substrate 203, nine sets of conductive patterns 
are formed in a configuration of 3x3, each set of conductive 
pattern composing of 36 conductive regions for mounting of 
LED devices. The conductive patterns is formed using a 
desired foundry compatible process. In one embodiment all 
the electrical contacts and conductive pattern are on the single 
top Surface of the silicon, thus no expensive Vias are neces 
sary. The material and processes used for forming the con 
ductive patterns are selected for both low costs and high 
performance (e.g., about $25 per wafer in early 2010). The 
conductive pattern includes metal material for providing elec 
trical contacts, and also is highly reflective. 
0059 A dam structure, for example of silicone, is formed 
to separate conductive patterns from one another, as shown on 
substrate 204. Each of the conductive patterns enclosed by the 
silicon dam has a dimension of about 6.5mmx6.5 mm. The 
dam also can be made from any Suitable material, e.g. plastic, 
silicon, metal, ceramics, Teflon, etc. The cavity structure of 
the dam retains liquid silicone material. In a preferred 
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embodiment, the dam is optically reflective with a specular or 
diffuse reflectivity greater than 50%. 
0060 FIG. 3 is a diagram illustrating a process for manu 
facturing an LED package with LED devices arranged in 
array. FIG.3 illustrates partially manufactured LED package 
as shown in FIG. 2. On the substrate 301, die and wire bond 
ing are formed to connect circuits of the conductive patterns. 
Depending on the application, various types of wire bonding 
processes may be used. Such as ball bonding, wedge bonding, 
and others. Various types of materials may be used for pro 
viding wire bonds, for example, gold, silver, copper, alumi 
num, and/or other material are used. The wire bonding pro 
cess may be performed before or after forming the dams. 
0061. On the substrate 301, LED devices are bonded to the 
conductive patterns. Each of the LED devices is usually less 
than about 300 micrometers by about 300 micrometers. Of 
course, any desired types of LED device may be used, such as 
LEDs emitting ultraviolet, violet, and/or blue color, formed 
using bulk Galium Nitride (GaN) material. Preferably the 
LED devices are high-performance single-color polar, non 
polar, and/or semi-polar LEDs, which interact with wave 
length conversion material(s) to provide white light. The LED 
die can be bonded on to the conductive pattern using a solder 
material Such as gold tin solder or silver die-attach epoxy. 
0062. In one embodiment, a violet non-polar or semi-polar 
or polar LED is packaged together with a blend of three 
phosphors, emitting in the blue, the green, and the red. In 
another embodiment, a blue non-polar or semi-polar or polar 
LED is packaged together with a blend of two phosphors, 
emitting in the green and the red. In still another embodiment, 
a green or yellow polar, non-polar, or semi-polar LED is 
packaged together with a blue LED and phosphor which 
emits in the red. Various types of phosphor materials may be 
used, e.g. as described in U.S. Patent Application No. 61/301, 
183, filed Feb. 3, 2010 (Attorney Docket No. 027364 
009900), titled “Reflection Mode Package for Optical 
Devices Using Gallium and Nitrogen Bearing Materials.” 
which is incorporated by reference herein for all purposes. 
0063 A non-polar or semi-polar or polar LED may be 
fabricated on a bulk gallium nitride substrate. The gallium 
nitride substrate may be sliced from a boule that was grown by 
hydride vapor phase epitaxy or ammonothermally, according 
to methods known in the art. In one specific embodiment, the 
gallium nitride substrate is fabricated by a combination of 
hydride vapor phase epitaxy and ammonothermal growth, as 
disclosed in U.S. Patent Application No. 61/078,704, com 
monly assigned, and hereby incorporated by reference herein. 
The boule may be grown in the c-direction, the m-direction, 
the a-direction, or in a semi-polar direction on a single-crystal 
seed crystal. Semipolar planes may be designated by (hkil) 
Miller indices, where i=-(h+k), 1 is nonzero and at least one of 
handkare nonzero. The gallium nitride Substrate may be cut, 
lapped, polished, and chemical-mechanically polished. The 
gallium nitride substrate orientation may be within +5 
degrees, t2 degrees, t1 degree, or +0.5 degrees of the {1 -1 
00 m plane, the {11-20} a plane, the {1 1-22 plane, the 
{2 0-2 +1} plane, the {1 -10+1} plane, the {1 -10---2} 
plane, or the {1 -10+3 plane. The gallium nitride substrate 
may have a dislocation density in the plane of the large-area 
surface that is less than 10 cm?, less than 107 cm', less than 
10 cm', less than 10 cm?, less than 10 cm, or less than 
10 cm. The gallium nitride substrate may have a disloca 
tion density in the c plane that is less than 10 cm', 107 cm’, 
10 cm', 10cm', 10 cm', or even less than 10 cm’. 
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0064. A homoepitaxial non-polar or semi-polar LED is 
fabricated on the gallium nitride Substrate according to meth 
ods that are known in the art, for example, following the 
methods disclosed in U.S. Pat. No. 7,053,413, which is 
hereby incorporated by reference in its entirety. At least one 
Al, In, Ga-N layer, where 0sxs 1,0sys1, and 0sx+ 
ys 1, is deposited on the Substrate, for example, following the 
methods disclosed by U.S. Pat. Nos. 7,338,828 and 7,220, 
324, which are hereby incorporated by reference in their 
entirety. The at least one Al, In, Ga-N layer may be depos 
ited by metal-organic chemical vapor deposition, by molecu 
lar beam epitaxy, by hydride vapor phase epitaxy, or by a 
combination thereof. In one embodiment, the Al, In, Ga 
N layer comprises an active layer that preferentially emits 

light when an electrical current is passed through it. In one 
specific embodiment, the active layer comprises a single 
quantum well, with a thickness between about 0.5 nm and 
about 40 nm. In a specific embodiment, the active layer com 
prises a single quantum well with a thickness between about 
1 nm and about 5 nm. In other embodiments, the active layer 
comprises a single quantum well with a thickness between 
about 5 nm and about 10 nm, between about 10 nm and about 
15 nm, between about 15 nm and about 20 nm, between about 
20 nm and about 25 nm, between about 25 nm and about 30 
nm, between about 30 nm and about 35 nm, or between about 
35 nm and about 40 nm. In another set of embodiments, the 
active layer comprises multiple quantum wells. In still 
another embodiment, the active region comprises a double 
heterostructure, with a thickness between about 40 nm and 
about 500 nm. In one specific embodiment, the active layer 
comprises an In, Ga-N layer, where 0sys1. 
0065 Indium tin oxide (ITO) is e-beam evaporated onto 
the p-type contact layer as the p-type contact and rapid 
thermal-annealed. LED mesas, with a size of about 300x300 
um, are formed by photolithography and dry etching using a 
chlorine-based inductively-coupled plasma (ICP) technique. 
Ti/Al/Ni/Au is e-beam evaporated onto the exposed n-GaN 
layer to form the n-type contact, Ti/Au is e-beam evaporated 
onto a portion of the ITO layer to form a p-contact pad, and 
the wafer is diced into discrete LED dies. Electrical contacts 
are formed by conventional wire bonding. Of course, there 
can be other variations, modifications, and alternatives. For 
example, p-down configurations are used, which is important 
for reflective p contacts based on Ag or Al. 
0066. In one embodiment of the device fabrication, a 
p-contact is deposited on the epitaxial structure. This layer 
can be comprised of Pt, Ag, Al, or any other Suitable material, 
and can be patterned by metal liftoff or etch techniques. 
Subsequently, a diffusion barrier, such as Tiw, is deposited on 
the p-contact. The wafer is then patterned and the epitaxial 
layers are etched past the active region to expose the n-type or 
bulk material. This GaN etch is usually accomplished via 
either plasma dry etching, but could be done, for example, 
with a photoelectrochemical etch. The mesa sidewalls are 
then passivated by a deposition and patterning of a dielectric 
layer, such as SiNx or SiO2. Subsequently, pad metal is 
deposited and patterned on top of the p-contact, through Vias 
in the dielectric. This pad metal may be terminated in, for 
example, Au, AuSn, Cu, Ag, or Al, and enables Subsequent 
attachment of the die to a carrier substrate. The wafer is then 
flipped over, and an n-contact is deposited and patterned. 
Prior to n-contact patterning, the bulk substrate may be 
thinned via, for example, diamond lapping. Finally, the wafer 
is singulated into individual dice using, for example, laser 
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scribe and break, or diamond-blade sawing. Alternative flows 
could be constructed in which the mesa etch is done prior to 
the p-contact metallization. Similarly, the n-contact could be 
done as the first step, or partial singulation could precede the 
re-contact step. To enhance light extraction, a Surface rough 
ening step could also be applied, or the n-contact side or die 
sidewalls could be further patterned with extraction enhanc 
ing features. To facilitate heat removal from the LED chips, 
the devices are typically mounted p-side down to decrease the 
distance from the light generation region to the heat sink. 
0067. In a specific embodiment, the one or more entities 
comprise a blend of wavelength conversion materials capable 
of emitting blue light, green light, and red light. As an 
example, the blue emitting wavelength conversion material is 
selected from the group consisting of (Ba,Sr.,Ca)(PO4)(Cl. 
F.Br.OH):Eu", Mn"; Sb", (Ba,Sr.,Ca)MgAlO:Eu", 
Mn"; (Ba,Sr.,Ca)BPOs:Eu?", Mn"; (Sr,Ca)(PO) 
*nBO:Eu"; 2SrO*0.84.P.O.80.16BO:Eu"; 

Sr. SiO2SrC1:Eu"; (Ba,Sr.,Ca)Mg, P.O.:Eu", Mn"; 
SrAl-O.s:Eu" (SAE); BaAlso,s:Eu"; and mixtures 
thereof. The green wavelength conversion material is selected 
from the group consisting of (Ba,Sr.,Ca)MgAloO,7:Eu", 
Mn" (BAMn): (Ba,Sr.Ca)Al2O:Eu"; (Y.Gd.Lu.Sc.La) 
BO:Ce", Tb"; CaMg(SiO4)Cl:Eu", Mn": (Ba,Sr.,Ca) 
SiO:Eu"; (Ba,Sr.Ca)(Mg,Zn)SiO, Eu"; (Sr.Ca.Ba)(Al, 
Galn)-SEu"; (YGdTb, La.Sm. Pr. Lu) (Al..Ga). O:Ce"; 
(Ca,Sr)s(Mg,Zn)(SiO4)4C12:Eu", Mn’t (CASI): 
NaGdBO,:Ce", Tb"; (Ba,Sr)(Ca,Mg,Zn)B.O.K.Ce, 
Tb; and mixtures thereof. The red wavelength conversion 
material is selected from the group consisting of (Gd.Y.Lu, 
La),O:Eu", Bi"; (Gd.Y.Lu, La),OS:Eu", Bi"; (Gd,Y.Lu, 
La)VO:Eu", Bit; Y (O.S.):Eu"; Cal-Mo-SiO4. 
where 0.05sxs0.5, 0sys0.1; (Li.Na.K), Eu(W.Mo)O. 
(Ca,Sr)S:Eu"; Sry SEu: CaLaS:Ce"; (Ca,Sr)S:Eu"; 
3.5MgO*0.5MgF*GeO:Mn" (MFG); (Ba,Sr.,Ca) 
Mg, PO:Eu", Mn; (Y.Lu), WO:Eu", Mo'"; (Ba,Sr.,Ca) 
MgSiOs:Eu", Mn", wherein 1<xs2; (RE-Ce)Mg2 

aLi SiPO, where RE is at least one of Sc, Lu, Gd, Y, and 
Tb, 0.0001<x<0.1 and 0.001<y<0.1; (Y, Gd, Lu, La), E 
u, W-Mo.O., where 0.5sx.s 1.0, 0.01sys10; (SrCa), 
a Eu, SiNs, where 0.01 sxs0.3: SrznC:Sm"; MOX, 
wherein M is selected from the group of Sc.Y. a lanthanide, an 
alkali earth metal and mixtures thereof: X is a halogen; 
1sms3; and 1 sins:4, and wherein the lanthanide doping 
level can range from 0.1 to 40% spectral weight; and Eu" 
activated phosphate or borate phosphors; and mixtures 
thereof. 

0068 Referring to FIG. 3. phosphor and silicone material 
are dispensed over the LED devices and wires, on device 302. 
Among other features, the silicone material acts as a medium 
fill that protects the LED devices and the wires. Additionally, 
the silicone material provides insulation and sealing for the 
electrical contacts and wires. Other types materials can be 
used for medium fill. For example, medium fill material 
includes epoxy, glass, spin on glass, plastic, polymer, which is 
doped, metal, or semiconductor material, including layered 
materials, and/or composites, and others. As Stated above, the 
sequence of wire bonding and phosphor dispensing may be 
modified. In certain embodiments, phosphor dispense is per 
formed before wire bonding. 
0069. Depending upon the embodiment, the medium 
including polymers begins as a fluidic state, which fills an 
interior region of the enclosure. In a specific embodiment, the 
medium fills and can seal the LED device or devices. The 
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medium is then cured and fills in a substantially stable state 
according to a specific embodiment. The medium is prefer 
ably optically transparent or can also be selectively transpar 
ent and/or translucent according to a specific embodiment. In 
addition, the medium, once cured, is substantially inert 
according to a specific embodiment. In a preferred embodi 
ment, the medium has a low absorption capability to allow a 
Substantial portion of the electromagnetic radiation generated 
by the LED device to traverse through the medium and be 
outputted through the enclosure at one or more second wave 
lengths. 
0070. In other embodiments, the medium can be doped or 
treated to selectively filter, disperse, or influence one or more 
selected wavelengths of light. As an example, the medium can 
be treated with metals, metal oxides, dielectrics, or semicon 
ductor materials, and/or combinations of these materials, and 
the like. 

0071. As an example, phosphor material is used as a part 
of wavelength conversion entities. In one embodiment, Vari 
ous types of material form wavelength conversion entities. In 
a preferred embodiment, wavelength conversion entities are 
provided by materials that convert electromagnetic radiation 
absorbed by the wavelength selective material, as shown. In a 
specific embodiment, the wavelength conversion entities are 
excited by the primary LED emission and emit electromag 
netic radiation of second wavelength. Preferably, the entities 
emit substantially yellow light from an interaction with the 
blue light emission. In a specific embodiment, the mean 
dimension of the plurality of entities, which are phosphor 
grains, is about fifteen microns and less. 
0072. In one embodiment, phosphor particles are depos 
ited onto the LED package. Phosphor particles may comprise 
any of the wavelength conversion materials listed above, or 
other materials known in the art. Phosphor particles 103 may 
have a mean-grain-diameter particle size distribution 
between about 0.1 micron and about 50 microns. In some 
embodiments, the particle size distribution of phosphor par 
ticles is monomodal, with a peak at an effective diameter 
between about 0.5 microns and about 40 microns. In other 
embodiments, the particle size distribution of phosphor par 
ticles is bimodal, with local peaks at two diameters, trimodal, 
with local peaks at three diameters, or multimodal, with local 
peaks at four or more effective diameters. 
0073. In a specific embodiment, the entities comprises a 
phosphor or phosphor blend selected from (YGdTb.Sc.Lu, 
La)(Al..Ga.In). O:Ce", SrGaS:Eu", SrS:Eu", and col 
loidal quantum dot thin films comprising CdTe., ZnS, ZnSe, 
ZnTe. CdSe, or CdTe. In other embodiments, the device may 
include a phosphor capable of emitting Substantially red light. 
0074 Quantum dot materials comprise a family of semi 
conductor and rare earth doped oxide nanocrystals whose size 
and chemistry determine their luminescent characteristics. 
Typical chemistries for the semiconductor quantum dots 
include well known (ZnxCa1-x)Sex=0 ... 1), (Znx.Cd1 
x)Sex=0 ... 1), Al(ASXP1-x) x=0 ... 1), (Znx.Cd1-x)Te 
x=0 ... 1), Ti(ASXP1-x) x=0 ... 1). In(ASXP1-x) x=0 ... 
1. (AlGa1-x)Sb x=0.1). (Hgx.Cd1-x)Tex=0 ... 1 Zinc 
blende semiconductor crystal structures. Published examples 
of rare-earth doped oxide nanocrystals include Y2O3:Sm3+, 
(YGd)2O3:Eu3+, Y2O3:Bi, Y2O3:Tb, Gd2SiO5:Ce, 
Y2SiO5:Ce, Lu2SiO5:Ce, Y3Al5) 12:Ce but should not 
exclude other simple oxides or orthosilicates. Many of these 
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materials are being actively investigated as Suitable replace 
ment for the Cd and Te containing materials which are con 
sidered toxic. 
0075 Such phosphor is selected from one or more of (Gd, 
Y.Lu, La),O:Eu", Bi"; (Gd,Y.Lu.La).O.S:Eu", Bi"; (Gd, 
Y.Lu. La)VO:Eu", Bi";Y.(O.S.):Eu"; Ca, Mo, SiO, 
where 0.05sixs0.5, 0sys0.1; (LiNa,K)Eu(W.Mo)O: 
(Ca,Sr)S:Eu"; Sry SEu: CaLaS:Ce"; (Ca,Sr)S:Eu"; 
3.5MgO*0.5MgF*GeO:Mn" (MFG); (Ba,Sr.,Ca) 
MgxPO,:Eu", Mn; (Y.Lu), WO:Eu", Mo'"; (Ba,Sr.,Ca) 
MgxSi-Os:Eu", Mn, wherein 1<xs2; (RECe)Mg. 
aLi SiPO, where RE is at least one of Sc, Lu, Gd, Y, and 
Tb, 0.0001<x<0.1 and 0.001<y<0.1; (Y, Gd, Lu, La), E 
u, W-Mo.O., where 0.5sx.s 1.0, 0.01 sys1.0; (SrCa), 
a Eu, SiNs, where 0.01 sexis0.3: Srzno:Sm"; MOX 
wherein M is selected from the group of Sc.Y. a lanthanide, an 
alkali earth metal and mixtures thereof: X is a halogen; 
1sms3; and 1 sins:4, and wherein the lanthanide doping 
level can range from 0.1 to 40% spectral weight; and Eu" 
activated phosphate or borate phosphors; and mixtures 
thereof. 
0076. The wavelength conversion materials can be 
ceramic, thin-film-deposited, or discrete particle phosphors, 
ceramic or single-crystal semiconductor plate down-conver 
sion materials, organic or inorganic down-converters, nano 
particles, or any other materials which absorb one or more 
photons of a primary energy and thereby emit one or more 
photons of a secondary energy ("wavelength conversion'). 
As an example, the wavelength conversion materials include 
the following: 
0.077 (Sr,Ca)(PO4)6*DBO:Eu" (wherein 0<n) 
0078 (Ba,Sr.Ca)(PO)(C1.F.Br.OH):Eu",Mnt 
0079 (Ba,SrCa)BPO:Eu",Mnt 
0080 Sr-SiO2SrC:Eu" 
I0081 (Ca,Sr. Ba),MgSiOs:Eu",Mn" 
0082 BaAsO:Eu" 
I0083. SrO*0.84PO, 0.16BO:EU: 
0084 (Ba,Sr.,Ca)MgA10O2:Eu".Mn" 
I0085 (Ba,Sr.Ca)AlO:Eu" 
I0086 (YGd.Lu.Sc.La)BO:Ce",Tb" 
0087 (Ba,Sr.,Ca)(Mg,Zn)SiO7:Eu" 
I0088 (Mg,Ca,Sr.Ba.Zn),Si O, X:Eu" (wherein 
0<x=0.2) 
0089 (Sr.Ca.Ba)(Al..Gam)S:Eu" 
0090 (Lu.Sc.Y.Tb) CevCaLiwMg, Pw(SiGe) 

0091 (Ca,Sr)(Mg,Zn)(SiO4)C:Eu".Mn" 
0092 Na-GdBO:Ce",Tb" 
0093 (SrCa.BaMg,Zn), P.O.,:Eu",Mnt 
0094 (Gd,Y.Lu, La),O:Eu"Bi" 
I0095 (Gd,Y.Lu, La),OS:Eu"...Bit 
0.096 (Gd,Y.Lu, La)O:Eu"Bi" 
0097 (Ca,Sr)S:Eu"Ce" 
0098 (YGdTb, La.Sm. Pr. Lu)(Sc.AlGa), O /n: 
Ce" (wherein 000.5) 
0099 ZnS:Cu+,C1 
0100 ZnS:Cu+, Al 
0101 ZnS:Ag+Al" 
01.02 SrYSEU?" 
(0103 CaLaS:Ce" 
0104 (Ba,Sr.,Ca)MgPO:Eu2+.Mn" 
01.05 (YLu). WO:Eu"Mo" 
0106 (Ba,Sr.,Ca)nSinNn:Eu" (wherein 23n) 
0107 Ca(SiO4)C1:Eu" 
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(0.108 ZnS:Ag+Cl 
I0109 (Y.Lu,Gd), CanSiN.C. :Ce+. (wherein 
OSnO.5) 
0110 (Lu,Ca.Li,Mg,Y)alpha-SiAION doped with Eu" 
and/or Ce" 
0111 (Ca,Sr.Ba)SiON:Eu",Ce" 
0112 For purposes of the application, it is understood that 
when a phosphor has two or more dopantions (i.e., those ions 
following the colon in the above phosphors), this is to mean 
that the phosphor has at least one (but not necessarily all) of 
those dopant ions within the material. That is, as understood 
by those skilled in the art, this type of notation means that the 
phosphor can include any or all of those specified ions as 
dopants in the formulation. 
0113 Phosphor material can be provided with silicone 
material for color balancing. As described above, high per 
formance blue LED devices are used as light source of the 
LED package. For example, a combination of yellow color 
from the phosphor material and the blue color from the LED 
provides white light that is typically used for general lighting. 
In various embodiments, an amount of phosphor material is 
selected based on the color balance of the blue LED devices. 
Phosphor material can be mixed with silicone material to 
produce white light for the LED package. 
0114. In a preferred embodiment, the wavelength conver 
sion material is within about three hundred microns of a 
thermal sink. The thermal sink comprises a Surface region and 
has a thermal conductivity of greater than about 15 Watt/m- 
Kelvin, 100 Watt/m-Kelvin, 200 Watt/m-Kelvin, 300 Watt/m- 
Kelvin, and larger. 
0.115. In one embodiment, the wavelength conversion 
material is characterized by an average particle-to-particle 
distance of about less than about 2 times the average particle 
size of the wavelength conversion material, is characterized 
by an average particle-to-particle distance of about less than 
about 3 times the average particle size of the wavelength 
conversion material, is characterized by an average particle 
to-particle distance of about less than about 5 times the aver 
age particle size of the wavelength conversion material, or 
other dimensions. In a more preferred embodiment, the wave 
length selective surface is provided. In a preferred embodi 
ment, the wavelength selective Surface is a transparent mate 
rial such as distributed Bragg Reflector (DBR) stack, a 
diffraction grating, a particle layer tuned to scatter selective 
wavelengths, a photonic crystal structure, a nanoparticle layer 
tuned for plasmon resonance enhancement at certain wave 
lengths, a dichroic filter, but can be others. 
0116. The above has been generally described in terms of 
entities that may be phosphor materials or phosphor-like 
materials, but it would be recognized that other “energy 
converting luminescent materials, which may include phos 
phors, semiconductors, semiconductor nanoparticles ("quan 
tum dots”), organic luminescent materials, and the like, and 
combinations of them, and also be used. The energy convert 
ing luminescent materials generally are a wavelength con 
Verting material and/or materials. 
0117. In one embodiment, a cover member is provided 
over Substrate, as shown on the partially processed device 
303. The cover member is substantially transparent to allow 
light from LED devices to pass through. For example, various 
types of material may be used for the cover member, Such as 
polymer material, glass material, and others. In a specific 
embodiment, the cover member is color to provide color 
balance. In one embodiment, color temperature of the LED 
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devices is measured. Based on this color temperature, a spe 
cific color and/or color pattern is selected for the cover mem 
ber so that the color balance light emitted from the LED 
devices through the cover member is essentially white, which 
is suitable for general lighting. 
0118. The partially processed device 303 as shown 
includes nine partially processed LED package in a 3x3 array. 
It is to be understood that the 3x3 array is only used for 
illustration. For example, for LED package with 6.5x6.5 mm 
dimension, an 8" processed wafer could yield 690 LED pack 
age. For the LED package to be later used, the LED package 
is separated. Depending on the specific manufacturing pro 
cesses used, the LED package may be separated from one 
another using scribing, cutting, and/or other processes. 
0119. As illustrated in FIG. 3, the LED device 304 as 
shown is a portion of the processed device 303. The LED 
device 304 includes, among other things, substrate, reflective 
layer, isolation layer, conductive patternand/or circuits, LED 
devices electrically coupled to one another, silicone dam or 
casing, encapsulating material, and a cover member. As illus 
trated, the corners of the silicone dam and the cover member 
are partially cut off to provide for packaging. 
0120 FIG. 4 is diagram illustrating an LED package 
according to an embodiment of the present invention. An 
LED package 400, from a top view as shown in FIG. 4. 
includes an array of 36 LED devices connected in series and 
arranged in a 6x6 array. A 4.2x4.2 mm cavity area is provided 
for the LED devices, and the distance between two adjacent 
LED devices is about 0.6 mm. In an exemplary arrangement, 
the LED package is powered by an AC Source with an rms 
voltage of approximately 110V. A specification for the exem 
plary LED package is provided below: 

Current/LEDs (Ave.) O.120 A 
Current Density (Ave.) 200 Acm2 
Forward Voltage (Ave.) 3.3-33.8 V 
Power to LEDs (Ave.) 14.7 W 
EQE 55% 
Violet Power 7.5 W 
White Power 2.5 W 
Lumens/Wie 141 
Light Output 1060 Lumens 

0121 The LED package with the specification is suitable 
for general lighting. As described below, the LED package is 
powered by 110 VAC power source. The lack of driver cir 
cuits, among other things, reduces the manufacturing cost of 
the LED package. Depending on the operation condition and 
requirements, other like arrangements (e.g., LED arrays for 
220VAC power source, or 12, 24.36 VDC power source, etc.) 
are possible. 
0122. In other embodiments, the LED package can 
include other types of electronic devices such as an integrated 
circuit, a sensor, a micro-machined electronic mechanical 
system, or any combination of these, and the like. In addition, 
the silicon carrier Substrate may contain embedded circuitry. 
In one embodiment, the LED package includes or is coupled 
to circuits that include logic devices, sensors, memory, or 
processing devices. 
0123 FIG. 5 is a diagram illustrating a 3D view of an LED 
package according to an embodiment of the present inven 
tion. The LED package as shown in FIG. 5 is configured to 
provide over 1000 lumens of light. As described above, no 
electrical vias are required to provide a connection to the 
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bottom Surface, thereby reducing the manufacturing costs of 
the LED package compared to other techniques. The LED 
package is manufactured in foundry compatible processes 
similar to that used in manufacturing silicon chips. In various 
embodiments as will be described below, semiconductor 
packaging techniques compatible with existing technology 
and equipment are used in packaging the LED package. For 
example, the LED package may be formed as a surface 
mount device (“SMD), or alternatively, onto a lead-frame 
which can be secured using screw, Spade base, and other 
CaS. 

0.124 FIG. 6 is a diagram illustrating mounting of LED 
package according to embodiments of the present invention. 
As shown on device 601, an LED package is mounted on a 
lead frame made using Quad Flat No leads (QFN) copper lead 
frame and/or types of lead frame. As shown in FIG. 6, certain 
locations of the lead frame are half-etched to provide electri 
cal isolation. The LED package is attached to the lead frame. 
Electrical components such as rectifiers and resistor are 
optionally provided on the lead frame and electrically 
coupled to the LED package to provide power to the LED 
package. The LED package is connected to electrical com 
ponents and/or other electronics using wire bonds or other 
means for electrical connection. 

0.125. As shown on device 602, a molding compound is 
used to seal various electrical components on the lead frame. 
In addition to provide electrical insulation, the molding com 
pound also provides protection for both the LED package and 
the electrical components. The back of the lead frame, as 
shown on device 603, includes SMD pad interface for con 
necting to other electrical devices. The lead frame can also 
include isolated heat pad for dissipating heat generated by the 
LED devices. The isolated heat pad provides electrical isola 
tion and heat conductivity to allow heat for the LED package 
to dissipate. 
0.126 FIG. 7 is a diagram illustrating alternative mounting 
of LED package according to embodiments of the present 
invention. As shown on device 701, an LED package is 
mounted on a lead frame made using Quad Flat No leads 
(QFN) copper lead frame and/or types of lead frame. Certain 
locations of the lead frame are half-etched to provide electri 
cal isolation. The LED package is attached to the lead frame. 
Electrical components such as rectifiers and resistor are pro 
vided on the lead frame and electrically coupled to the LED 
package to provide power to the LED package. The LED 
package is connected to electrical components and/or other 
electronics using wire bonds. In contrast to the device 601 
shown in FIG. 6, the device 701 includes two openings, which 
are used for accommodating screws. 
I0127. As shown on device 702, a molding compound is 
used to seal various electrical components on the lead frame. 
In addition to provide electrical insulation, the molding com 
pound also provides protection for both the LED package and 
the electrical components. The device 702 includes two open 
ings that are electrically isolated from the base of based of the 
LED package. The openings can be used for accommodating 
screw lugs and/or other types mounting means. The lead 
frame can also include isolated heat sink for dissipating heat 
generated by the LED devices. The screw lugs provide a 
means to electrically connect to the package. The screw lugs 
also provide means to mechanically press the heak sink 
region of the lead frame on to a heat dissipating Surface Such 
as a lead frame. 
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0128. It is to be appreciated that the devices shown in 
FIGS. 6 and 7 are some of the ways for electrical, mechanical, 
and/or thermal interfaces to the LED packages. According to 
various embodiments of the present invention, other mount 
ing mechanisms are provided, such as Snap-on mounting, 
screwing, soldering, and others. 
0129. Device 701 as shown in FIG.7 does not have to be in 
square or rectangular shape. FIG. 7A is a diagram illustrating 
an alternative mounting of circular LED package according to 
embodiments of the present invention. As shown in FIG. 7A, 
LED devices are arranged within a circular area. Depending 
on the application, LED devices can be arranged with other 
shapes of areas. 
0130 FIG. 8 is a diagram illustrating an AC powered LED 
light configured to provide over 1,000 lumens of light from a 
110VAC power source. The PCB board 803 is mounted on a 
base 804. The base 804 helps dissipate heat generated by the 
LED package 801. The PCB has a hole that allowing a direct 
thermal contact between the LED package 801 and the base 
84. An LED package 801 is electrically connected PCB 803 
board. Electronics 802A and 802B are provided on the PCB 
board and connected to the LED package 801. Electronics 
802A and 802B may include rectifiers, capacitors, and resis 
tors for forming a power conditioning circuit. 
0131 FIG. 8A is a diagram of an exploded view of an AC 
powered LED light assembly according to an embodiment of 
the present invention. As shown an assembled LED package 
is mounted on to a PCB (by an SMT process, soldering or 
thermal adhesive). 
0.132. It is to be appreciated that LED light according to the 
present invention can be implemented for various types of 
applications. FIG. 8B is a diagram illustrating an LED light 
system according to an embodiment of the present invention. 
An LED light (e.g., the LED light 800) is a part of the LED 
light system 850. The LED light system 850 includes a base 
852 that also functions as a heat sink. The base member 851 
is connected to the heat sink. The base member 851 is com 
patible with convention light bulb socket and is used to pro 
vide an electrical interface for the LED package in the LED 
light system 850. 
0.133 FIG. 9 is a diagram illustrating arrangements for 
LED packages. As shown on the left, two LED packages, each 
generating about 1000 lumens of light, are mounted together. 
The two LED packages can be powered by two 11 OV power 
Sources or one 220V power source. As shown on the right, 
four LED packages, each generating about 1000 lumens of 
light, are arranged in a 4x4 array. The four LED packages can 
be powered by four 110V power sources or two 220V power 
sources. It to be appreciated that embodiments of the present 
invention provide the flexibility to allow different arrange 
ments of LED packages that Suit different output require 
mentS. 

0134 FIG. 10 is a diagram illustrating heat dissipation of 
LED packages of a structure according to an embodiment of 
the present invention. An LED package 1000 includes an 
array of LED devices that are electrically coupled to one 
another. When LED devices are powered and emitting light, 
the LED devices also generate heat. In particular, the hottest 
parts of the LED package are the LED devices when emitting 
light. The LED devices also heat the substrate and the base of 
the LED package, both of which help LED devices dissipat 
ing heat energy. 
0135 The LED package design according to the embodi 
ments of the invention is better at dissipating thermal energy 
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than conventional LED lights. More specifically, because 
LED devices, each having Small active area, and are separated 
from one another, the LED package 1000 as shown has space 
for heat dissipation. In various embodiments, the base of the 
LED package 1000 is coupled to a heat sink. As shown in FIG. 
10, that LED package has a thermal resistance of 1.3 C/W. 
This compares to a conventional a single large die LED 
arrange with 3x higher thermal conductivity. 
0.136 FIG. 11 is a diagram illustrating heat dissipation of 
an exemplary LED package attached to a heat sink for a 
retrofit lamp according to an embodiment of the present 
invention. An LED package 1103, similar to the LED package 
1000, includes an array of LED devices that are electrically 
coupled to one another. When LED devices are powered and 
emitting light, the LED devices also generate heat. For 
example, during operation, the LED devices heat to a tem 
perature of about 115 degrees C. 
I0137 Thermally coupled to the LED devices, the base of 
the LED package has an operating temperature of about 95 
degrees Celsius. As shown in FIG. 11, the LED package 103 
is thermally coupled to a housing 1102, which includes aheat 
sink for dissipating heat. The heat sink of the housing 1102 is 
thermally coupled to the LED package 1103 and dissipates 
heat from its surface area, which is much bigger than the 
surface area of the LED itself. As shown in FIG. 11, the 
housing 1102 has a temperature of about 75 degrees Celsius 
when the LED devices are operating. The housing 1102 
includes a substantially transparent cover 1101 which allows 
a portion of heat generated by the LED devices to dissipate 
from its surface. LED modules according to embodiments of 
the present invention provide improved heat dissipation. 
While both reliability and usability of conventional LED light 
sources are often limited by high temperature, the LED arrays 
according to the present invention are less prone to heat 
problems because heat energy is distributed among LED 
devices of the LED arrays. 
0.138 FIG. 12 is a diagram of a circuit diagram illustrating 
an LED array according to an embodiment of the present 
invention. As shown in FIG. 12, a circuit 1200 includes an 
LED Section 1210 and a rectifier Section 1220. The LED 
section 1210 includes 36 LED devices connected in series. 

0.139. In one embodiment, LED devices of the same type, 
e.g. high performance blue LED devices, are connected in the 
LED section 1210 and powered by a 110V AC source. The 
rectifier section 1220 as shown in FIG. 12 is provided to 
rectify AC power for the LED section 1210. Rectifier section 
1220 is used, instead of driver module typically need for 
conventional LED lights. Among other features, the rectifier 
section 1220 is implemented using simple rectifier circuitry 
including diodes and resistors, which is relatively inexpen 
sive to manufacture and implement. For example, the resistor 
1221 as shown has about 130 ohms of resistances and is used 
to match power requirement of the LED section 1210. Other 
electrical components may be electrically coupled to power 
AC power source. In certain embodiments, capacitors are 
provided to smooth the waveform generated by the rectifier 
section 1220. 

0140. It is to be appreciated that the LED devices are not 
powered by a conventional driver, which is usually required in 
conventional design of LED light. Instead using driver cir 
cuitry, the present invention enables use of rectifier circuits 
for powering LED devices. Rectifier circuits, consisting typi 
cally of diodes and resistors, are typically less expensive to 
implement compared to conventional driver circuits. Capaci 
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tors may also be included to condition the input Voltage 
waveform to improve power factor or reduce “flicker of the 
light emission during operation. As an example, the number 
of LED devices is selected to match the power source (e.g., 
11OV AC power source matched by 36 LED devices). Con 
nected in series, the array of LED devices is able to utilize a 
high level of current density of as listed below: 

Current Density AVE. 200 Acm2 
Current Density RMS. 272 Acm2 
Current Density Peak. 500 Acm2 
Resistor Power 1.7 W 

0141 FIG. 12A is a diagram illustrating operation of an 
LED array according to an embodiment of the present inven 
tion. As shown in FIG. 12A, the LED array illustrated in FIG. 
12 and described above is able to accommodate a high level of 
current density, thereby operating efficiently. At the 110VAC 
level with a high level of currently density, the LED devices 
according to the present invention are able to output a high 
level of lumens without generating a high level of heat. In 
various embodiments of the present invention, LED arrays 
are designed to accommodate 220V AC, 12V DC, 24V DC, 
36V DC, and other power sources. Depending on the appli 
cation, different types of rectifier circuits can be used for 
accommodating these types of power sources. 
0142 FIG. 13 is a diagram illustrating performance of our 
LED apparatus. In the graph on the left, relative external 
quantum efficiency (EQE) of LED arrays stays high at high 
current density. In addition, the LED arrays are able to operate 
at high current density. In comparison, relative EQE for con 
ventional LED light typically drops quickly as current density 
increases. 

0143 FIG. 14 is a circuit diagram illustrating an LED 
array with resistortuning. As shown in FIG. 14, resistor R3 
has a resistance of about 130 ohms which can be tuned to 
obtain a desirable forward current. Tuning of the resistor R3 
allows for matching of LED V, and resistance, and offers a 
trade-off between light output level and overall luminous 
efficacy. 
014.4 FIG. 15 is a circuit diagram illustrating an LED 
array with AC resistor according to an embodiment of the 
present invention. Resistor R3 help make LED resistive from 
bulk resistivity. Resistor R3 has a resistance of about 130 
ohms. Distributed among the LED devices, the resistance for 
LED devices is about 3.7 ohm/LED (e.g., 130 ohms distrib 
uted over 36 LED devices). For example, the distributed V, 
per LED is about 0.44V. 
0145 FIG. 15A is a circuit diagram illustrating an LED 
array configured to use a 220VAC power source. As shown, 
72 LED devices are provided to match the voltage of the 220V 
AC power source, and a simple rectifier circuit provided 
between the AC power source and the LED devices. 
0146 FIG. 15B is a circuit diagram illustrating an LED 
array configured to using 24V DC power Source according to 
an embodiment of the present invention. The LED devices are 
grouped into strings of six LED devices connected in series, 
and each string of LED devices is connected to one another in 
parallel. Since a DC power source is used, the LED devices 
are connected to the power source directly without a rectifier 
circuit. FIGS. 15A and 15B are only specific illustrations of 
an arbitrary number of possible configuration of LEDs in 
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series and parallel configurations. Other configuration 
include but are not limited to: 1x36, 2x18, 3x12, 4x9, 6x6, 
etc. 

0.147. It is to be appreciated that the LED packages illus 
trated in FIGS. 3-5 can output light in desirable color in 
various ways according to various embodiments of the 
present invention. Depending on the application, color bal 
ance can beachieved by modifying color generated by LED 
devices using phosphor material. Depending on the applica 
tion, different schemes of color modification may be used, 
which is described in U.S. patent application “Reflection 
Mode Package for Optical Devices Using Gallium and Nitro 
gen Bearing Materials’ (Attorney Docket No. 027364 
009900US filed concurrently herewith), which is incorpo 
rated by reference herein for all purposes. In one 
embodiment, the phosphor material may be mixed with 
encapsulating material (e.g., silicone material) that seals LED 
devices into the LED package, and Subsequently dispensing 
phosphor color pixels over LED devices. 
0148 FIG. 16 is a diagram illustrating color tuning for 
LED devices. The LED package on the left includes blue 
color at its corners, green color at its edges, and red color at 
center. Together, these color pixels modify the color of light 
emitted by the LED devices. The color pixels are used to 
modify the light from LED devices to appear white, which is 
suitable for general lighting. In one embodiment, “blank” 
pixels are used for later color tuning and the color of the light 
from LED devices is measured. 

0149. In various embodiments, color balance adjustment 
is accomplished by using pure color pixels, mixing phosphor 
material, and/or using blanket of phosphor over LED devices. 
Color balance tuning can be achieved by providing a color 
pattern on cover member of the LED package. FIG. 17 is a 
diagram illustrating color tuning using color filter for LED 
devices. 
0150. The cover member 1700 is used for providing color 
tuning. For example, the cover member 1700 is made of glass 
material and functions as a 405 nm reflection dichroic lens. 
The cover member is used as a reflection filter that filters out 
light with a wavelength of about 405 nm. Hermetic sealing 
technique may be used to couple the cover member 1700 to 
LED package. Color tuning using cover member can also be 
achieved through light absorption and/or light reflection. 
0151 FIG. 18 is a diagram illustrating color tuning using 
a luminescent plate for LED devices. In one embodiment, a 
pre-deposited phosphor plate is attached to the cover member. 
After curing phosphor material encapsulating the LED 
devices, the color of the LED package can be measured. 
Based on the measured color, color for the phosphor plate can 
be determined and used to balance the color of the LED 
devices. 
0152. In an alternative embodiment, pixilated phosphor 
plates are attached to the cover. The pixilated phosphor plates 
include color patterns as shown in FIG. 18. Depending on the 
application, color patterns of the phosphor plate may be pre 
selected or based on the measured color balance of the LED 
devices. In an alternative embodiment, the absorption plate, 
which is attached to the cover member, is used to perform 
color correction. For example, the absorption plate comprises 
color absorption material. 
0153. In the preferred embodiment, the pixilated phosphor 
structure would be employed for the present reflection mode 
device. To increase interaction with LED emitted light, a 
reflector covering the top of the package, redirecting LED 
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light downward toward the phosphor layer is employed. Pref 
erably, the pixilated structure includes one or more or all of 
the advantages of the previous embodiments, as well as add 
ing reduced phosphor interaction and areal color control. 
0154 FIG. 19 is a diagram illustrating color tuning using 
absorbing and/or reflective material for LED devices. In one 
embodiment, pre-deposited phosphor plate is attached to the 
cover member. As shown in FIG. 19, absorbing and/or reflec 
tive material 1901 is deposited on cover member 1902. The 
absorbing and/or reflective material 1901 can be plastic, ink, 
die, glue, epoxy, and others. In other embodiments, the phos 
phor particles are embedded in a reflective matrix on the 
Substrate by deposition. In one specific embodiment, the 
reflective matrix comprises silver or other suitable material, 
which may be ductile. In one specific embodiment, the depo 
sition process comprises electroless deposition and the Sub 
strate is treated with an activating Solution or slurry prior to 
deposition of the phosphor particles. 
0155 The activating solution or slurry preferably com 
prises at least one of SnCl2SnCl4, Sn", Sn", colloidal Sn 
(tin), Pd (palladium), Pt (platinum), or Ag (silver). The phos 
phor-covered Substrate is placed in an electroless plating bath 
with a plating Solution that includes at least one of silver ions, 
nitrate ions, cyanide ions, tartrate ions, ammonia, alkali metal 
ions, carbonate ions, and hydroxide ions. A reducing agent 
such as dimethylamine borane (DMAB), potassium boron 
hydride, formaldehyde, hypophosphate, hydrazine, thiosul 
fate, Sulfite, a Sugar, or a polyhydric alcohol. may be added to 
the solution 

0156 The color and amount of absorbing and/or reflective 
material 1901 dispensed on the cover member 1902 are based 
on a measured color balance of the LED devices. Alterna 
tively, as explained above, one or more colored pixilated 
reflector plates are attached to the cover member to adjust 
color balance of the LED devices. Materials such as alumi 
num, gold, platinum, chromium, and/or others are deposited 
on the pixilated reflector plates to provide color balance. In a 
preferred embodiment, reflector plate reflects blue light to 
make light closer to green and/or red, or reflects green light to 
make light looks closer to read red. 
0157 FIG. 20 is a diagram illustrating color tuning using 
LED devices with different colors. As shown in FIG.20, three 
strings of LED devices are connected in parallel. Each string 
of LED devices is associated with a specific color: red, green, 
and blue. By mixing red, green, and blue light, white light can 
be generated. The color of each string of LED devices can be 
a result of color the LED devices themselves and/or color 
filtering of LED devices. It is to be appreciated in addition 
primal-color (e.g., RGB color) LED devices, other colors 
may be used for LED devices. 
0158. As shown in FIG. 20, each string of LED devices 
includes a number of LED devices of the same color. Accord 
ing to various embodiments, color balance can beachieved by 
adjusting the amount of current delivered to the LED strings. 
For example, each String of LED devices is connected to a 
resistor. By adjusting the resistors, the amount of current 
delivered to a string of LED devices can be adjusted, thereby 
adjusting the brightness of light in a particular color. In an 
alternative embodiment, color balance may be adjusting by 
adjusting the number of LED devices in an LED string used 
for light generation. For example, to reduce the amount of 
blue light, one or more LED devices in the blue string can be 
shorted or bypassed. 
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0159. While the above is a full description of the specific 
embodiments, various modifications, alternative construc 
tions and equivalents may be used. As an example, the pack 
aged device can include any combination of elements 
described above, as well as outside of the present specifica 
tion. Additionally, the above has been generally described in 
terms of one or more entities that may be one or more phos 
phor materials or phosphor like materials, but it would be 
recognized that other "energy-converting luminescent mate 
rials, which may include one or more phosphors, semicon 
ductors, semiconductor nanoparticles ("quantum dots”), 
organic luminescent materials, and the like, and combina 
tions of them, can also be used. 
0160 The energy converting luminescent materials gen 
erally can be wavelength converting material and/or materials 
or thicknesses of them. Furthermore, the above has been 
generally described in electromagnetic radiation that directly 
emits and interacts with the wavelength conversion materials, 
but it would be recognized that the electromagnetic radiation 
can be reflected and then interact with the wavelength con 
version materials or a combination of reflection and direct 
incident radiation. In other embodiments, the present speci 
fication describes one or more specific gallium and nitrogen 
containing Surface orientations, but it would be recognized 
that any one of a plurality of family of plane orientations can 
be used. Therefore, the above description and illustrations 
should not be taken as limiting the scope of the present inven 
tion which is defined by the appended claims. 
What is claimed is: 
1. A method of manufacturing LED devices using Substrate 

scale processing, the method comprising: 
providing a Substrate member having a surface region; 
forming a reflective Surface on the Surface region, the 

reflective surface being characterized by a reflectivity of 
at least 85%: 

forming an array of regions spatially disposed over the 
reflective surface; and 

providing a plurality of LED devices, individual ones of 
which are disposed on corresponding ones of the array 
of regions. 

2. The method of claim 1 wherein the substrate member 
comprises a silicon Substrate. 

3. The method of claim 1 wherein the reflective surface 
comprises a silver or aluminum material. 

4. The method of claim 1 wherein the array of regions 
comprises an N by Marray, where N is an integer of at least 
2 and M is an integer of at least 1. 

5. The method of claim 1 wherein each LED device com 
prises gallium and nitrogen formed from bulk Substrate mate 
rial. 

6. The method of claim 1 further comprising encapsulating 
each of the plurality of LED devices with an encapsulating 
material comprising a wavelength conversion material. 

7. The method of claim 6 wherein the wavelength conver 
sion material comprises at least one of a phosphor, a semi 
conductor, and a luminescent material. 

8. The method of claim 1 wherein the step of forming a 
reflective Surface comprises depositing a silver material or 
aluminum over the Surface region. 

9. The method of claim 1 wherein the step of forming a 
reflective surface comprises: 

forming a reflective metal material over the Surface region; 
forming at least one dielectric material over the metal 

material; and 
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forming a plurality of electrically conductive array regions 
over dielectric material 

10. The method of claim 1 wherein the step of forming a 
reflective surface comprises: 

forming a dielectric material over the substrate surface 
region; and 

forming a plurality of electrically conductive reflective 
array regions over the dielectric material. 

11. The method of claim 1 wherein the step of forming a 
reflective surface comprises: 

forming a dielectric material over the substrate surface 
region; 

forming a plurality of electrically conductive array regions 
over the dielectric material; and 

forming a electrically insulating but optically reflective 
layer on top one portion of dielectric material or electri 
cally conductive array region. 

12. A light emitting diode apparatus comprising: 
a Substrate member having a surface region; 
a reflective layer overlaying the Surface region, the reflec 

tive layer having a first reflectivity level; 
an isolation layer overlying the reflective layer; 
an array of regions disposed on the isolation layer, 
a plurality of LED devices disposed on corresponding ones 

of the array regions. 
13. The apparatus of claim 12 wherein each of the array of 

regions includes a conductive pattern. 
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14. The apparatus of claim 12 wherein the reflective layer 
and the isolation layer have a combined reflectivity of greater 
than 93%. 

15. The apparatus of claim 12 wherein the substrate has a 
conductivity of greater than 40 W/(m-K). 

16. The apparatus of claim 12 wherein the isolation layer 
comprises SiN material. 

17. An LED apparatus comprising: 
a Substrate having a surface region; 
a reflective layer overlying the surface region, the reflective 

layer being characterized by a first reflectivity level; 
an isolation layer over the reflective layer; 
an array of conductive regions disposed on the isolation 

layer; 
a plurality of LED devices, individual ones of which are 

positioned on each of the array regions; and 
a cover member overly the plurality of LED devices. 
18. The apparatus of claim 17 further comprising a rectifier 

circuit coupled to the array of conductive regions. 
19. The apparatus of claim 18 further comprising a resistor 

electrically coupled to the rectifier circuit. 
20. The apparatus of claim 17 wherein the plurality of LED 

devices include a first LED set and a second LED set, each of 
the LED sets including a plurality of LED devices connected 
in series, the first LED set and the second LED set being 
configured in parallel to each other. 
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